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USE OF SUBSTANTIALLY HYDRATED CEMENT PARTICULATES IN CEMENTING 

AND SUBTERRANEAN APPLICATIONS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to substantially hydrated cement particulates. 
More particularly, the present invention relates to compositions comprising substantially 
hydrated cement particulates and associated methods of use in cementing and subterranean 
applications. 

[0002] Hydraulic cement compositions are commonly utilized in surface and 
subterranean operations, particularly subterranean well completion and remedial operations. 
For example, hydraulic cement compositions are used in primary cementing operations 
whereby pipe strings such as casings and liners are cemented into well bores. In performing 
primary cementing, hydraulic cement compositions are pumped into the annular space 
between the walls of a well bore and the exterior surface of the pipe string disposed therein. 
The cement composition is permitted to set in the annular space, thereby forming an annular 
sheath of hardened substantially impermeable cement therein that substantially supports and 
positions the pipe string in the well bore and bonds the exterior surface of the pipe string to 
the walls of the well bore. 

[0003] To modify one or more properties of a cement composition (or of the 
resultant set cement), various admixtures may be included in the cement composition. As 
used herein, the term "admixture" refers to materials, other than cement and water used for 
making cement compositions, which may added to the cement compositions or other 
subterranean treatment fluids before or during its mixing. Admixtures oftentimes are 
provided in the form of liquids or soluble solids (e.g., powders). Attempts have been made to 
counteract the problems that may be associated with the delivery of admixtures in solid and 
liquid form. For instance, an admixture provided in powdered form may become dry 
compacted, or the admixture, in another instance, may be coated onto a carrier particle. 
However, improvements are needed for the delivery of admixtures into cement compositions 
and subterranean treatment fluids. 

[0004] In addition, other additives such as lost circulation materials, lightweight 
additives, heavyweight additives, proppants, and the like are often added to cement 
compositions and subterranean treatment fluids. However, improvements are needed in the 
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additives that may be included in cement compositions and subterranean treatment fluids, 
including, inter alia, drilling fluids, completion fluids, and workover fluids. 
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SUMMARY OF THE INVENTION 

[0005] The present invention relates to substantially hydrated cement particulates. 
More particularly, the present invention relates to compositions comprising substantially 
hydrated cement particulates and associated methods of use in cementing and subterranean 
applications. 

[0006] In some embodiments, the present invention provides a method of using a 
subterranean treatment fluid in a subterranean formation comprising: providing a 
subterranean treatment fluid comprising substantially hydrated cement particulates; and 
placing the subterranean treatment fluid into a subterranean formation. 

[0007] In another embodiment, the present invention provides a method of 
cementing in a subterranean formation comprising: providing a cement composition 
comprising water, a hydraulic cement, and substantially hydrated cement particulates; 
placing the cement composition into a subterranean formation; and allowing the cement 
composition to set therein. 

[0008] In another embodiment, the present invention provides a method of 
reducing fluid loss from a cement composition comprising adding substantially hydrated 
cement particulates to the cement composition. 

[0009] In another embodiment, the present invention provides a method of 
affecting the density of a cement composition comprising adding substantially hydrated 
cement particulates to the cement composition. 

[0010] In another embodiment, the present invention provides a subterranean 
treatment fluid comprising substantially hydrated, cement particulates. 

[0011] In another embodiment, the present invention provides a lost circulation 
composition comprising substantially hydrated cement particulates. 

[0012] In yet another embodiment, the present invention provides a density- 
varying additive comprising substantially hydrated cement particulates. 

[0013] The features and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the description of the exemplary 
embodiments, which follows. 
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DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0014] The present invention relates to substantially hydrated cement particulates. 
More particularly, the present invention relates to compositions comprising substantially 
hydrated cement particulates and associated methods of use in cementing and subterranean 
applications. While the substantially hydrated cement particulates of the present invention 
are useful in a variety of applications, they may be particularly useful when included in 
subterranean treatment fluids and cement compositions, inter alia, as carrier particles for 
admixtures, lost circulation materials, density-varying additives, proppants, and the like. 

[0015] The cement compositions of the present invention generally comprise 
water, hydraulic cement, and substantially hydrated cement particulates. Typically, the 
cement compositions of the present invention may have a density in the range of from about 
4 lb/gallon to about 20 lb/gallon. In certain exemplary embodiments, the cement 
compositions of the present invention may have a density in the range of from about 8 
lb/gallon to about 17 lb/gallon. The cement compositions of the present invention may be 
foamed or unfoamed or may comprise other means to vary their densities. One of ordinary 
skill in the art, with the benefit of this disclosure, will recognize the appropriate density of 
the cement composition for a chosen application. 

[0016] The water utilized in the cement compositions of the present invention can 
be fresh water, salt water (e.g., water containing one or more salts dissolved therein), brine 
(e.g., saturated salt water), or seawater. Generally, the water can be from any source, 
provided that it does not adversely affect other components in the cement composition. The 
water may be present in an amount sufficient to form a pumpable slurry. In certain 
exemplary embodiments, the water is present in the cement compositions of the present 
invention in an amount in the range of from about 30% to about 180% by weight of the 
hydraulic cement. 

[0017] Generally, any hydraulic cement suitable for use in cementing operations 
may be suitable for use in the present invention. A variety of hydraulic cements are suitable 
for use, including those comprised of calcium, aluminum, silicon, oxygen, and/or sulfur, 
which set and harden by reaction with water. Such hydraulic cements include, but are not 
limited to, Portland cements, pozzolanic cements, gypsum cements, soil cements, calcium 
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phosphate cements, high-alumina content cements, silica cements, high-alkalinity cements, 
or mixtures thereof. 

[0018] The cement compositions of the present invention further comprise 
substantially hydrated cement particulates. In certain embodiments, the substantially 
hydrated cement particulates may be used as carrier particles for chosen admixtures. In 
another embodiment, the substantially hydrated cement particulates may be added to cement 
compositions as lost circulation materials in order, inter alia, to bridge and/or plug fractures 
and permeable zones in the formation so as to minimize the fluid loss from the cement 
compositions into the formation. In yet another embodiment, the substantially hydrated 
cement particulates may be added to the cement compositions to affect the density of the 
cement compositions, for example, as lightweight additives or heavyweight additives. 

[0019] The substantially hydrated cement particulates may be formed in any 
suitable manner. In certain embodiments of the present invention, the substantially hydrated 
cement particulates present in the cement compositions of the present invention are formed 
by providing a settable composition comprising a hydraulic cementitious material and water; 
allowing the settable composition to set into a substantially hydrated mass; and comminuting 
the substantially hydrated mass into smaller particles so as to form the substantially hydrated 
cement particulates used in the methods of the present invention. In another embodiment, the 
settable composition further may comprise at least one admixture so that the substantially 
hydrated cement particulates also comprise at least one admixture. In yet another 
embodiment, after comminution of the substantially hydrated mass into the substantially 
hydrated cement particulates, the substantially hydrated cement particulates may be coated 
with at least one admixture. This permits the combination of admixtures that may not be 
compatible when used in solution. An exemplary method for producing the substantially 
hydrated cement particulates and/or intermixing the admixtures therein is described in U.S. 
Patent No. 6,648,962, which is incorporated herein by reference. 

[0020] The settable compositions used to form the substantially hydrated cement 
particulates of the present invention typically may have a density in the range of from about 4 
lb/gallon to about 20 lb/gallon. The settable compositions of the present invention may be 
foamed or unfoamed or may comprise other means to vary their densities. One of ordinary 
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skill in the art, with the benefit of this disclosure, will recognize the appropriate density of 
the settable composition for a chosen application. 

[0021] Generally, the hydraulic cementitious material used to form the 
substantially hydrated cement particulates of the present invention may be any hydraulic 
cementitious material that is suitable for use in cementing operations. A variety of hydraulic 
cementitious materials are suitable for use, including those comprised of calcium, aluminum, 
silicon, oxygen, and/or sulfur, which set and harden by reaction with water. Such hydraulic 
cementitious materials include, but are not limited to, Portland cements, pozzolanic cements, 
gypsum cements, soil cements, calcium phosphate cements, high-alumina content cements, 
silica cements, high-alkalinity cements, slag cements, or mixtures thereof. 

[0022] The water utilized to from the substantially hydrated cement particulates 
of the present invention can be fresh water, salt water {e.g., water containing one or more 
salts dissolved therein), brine {e.g., saturated salt water), or seawater. Generally, the water 
can be from any source, provided that it does not adversely affect other components in the 
settable composition. The water may be present in an amount sufficient to form a pumpable 
slurry. In certain exemplary embodiments, the water is present in the settable compositions 
of the present invention in an amount in the range of from about 30% to about 180% by 
weight of the hydraulic cementitious material. In certain embodiments, the water may be 
added to the hydraulic cementitious material, admixture(s), or both. In another embodiment, 
the water may be incorporated in an aqueous dispersion, emulsion, or solution containing the 
admixture(s). 

[0023] Comminution of the substantially hydrated mass to form the substantially 
hydrated cement particulates may be accomplished by any of a variety of suitable methods. 
For example, comminution may be achieved by subjecting the substantially hydrated mass to 
compressive or grinding forces, such as by using a jaw crusher, a roller crusher {e.g., opposed 
steel rollers), a ball mill, a disk mill, or a grinder. After comminution, the substantially 
hydrated cement particulates may be highly granulate with a high surface area, thereby 
providing a high loading surface. 

[0024] The size of the substantially hydrated cement particulates may vary based 
upon the desired application. In certain embodiments, the substantially hydrated cement 
particulates may have an average diameter in the range of from about 5 to about 250 
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micrometers. However, it should be understood that in other embodiments of the present 
invention the substantially hydrated cement particulates may have an average diameter of 
greater than about 250 micrometers or of less that about 5 micrometers as desired. One of 
ordinary skill in the art with the benefit of this disclosure will know the appropriate size of 
particulates for a particular application. 

[0025] In certain embodiments of the present invention, the settable compositions 
used to form the substantially hydrated cement particulates of the present invention further 
may comprise at least one admixture so that the substantially hydrated cement particulates 
also comprise at least one admixture. Among other things, this provides for the delivery of 
admixture(s) into a cement composition, for example, when the substantially hydrated 
cement particulates comprising at least one admixture are added to a cement composition. 
The admixture(s) may be provided as soluble solids (e.g., powders) or liquids. Any 
admixture commonly used in subterranean cementing operations may be included in the 
settable compositions of the present invention. A wide variety of admixtures may be 
included in the settable compositions, including, but not limited to, accelerators, retarders, 
fluid loss control additives, filtration-control additives, dispersants, surfactants, salts, 
defoamers, formation conditioning agents, expanding additives, flow enhancing additives, 
strength enhancing additives, water reducers, pumping aids, and the like. One skilled in the 
art with the benefit of this disclosure will know the type of admixture to include for a 
particular application. 

[0026] In certain embodiments of the present invention, after comminution of the 
substantially hydrated mass into the substantially hydrated cement particulates, the 
substantially hydrated cement particulates may be coated with at least one admixture. The 
substantially hydrated cement particulates that are coated with at least one admixture may 
comprise at least one admixture. The coating of the admixture(s) onto the substantially 
hydrated cement particulates may be applied using any suitable coating method. 

[0027] The amount of admixture or admixtures to include in the settable 
compositions, coat onto the substantially hydrated cement particulates, or both, should 
depend, inter alia, on the desired amount of the admixture(s) to incorporate into the cement 
composition. The desired amount of the admixture(s) to incorporate into the cement 
composition may depend, inter alia, on the type of admixture(s) employed. Generally, the 
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admixture(s) may be included in the settable composition in an admixture(s)-to-hydraulic 
cementitious material weight ratio in the range of from about 5:95 to about 95:5. One of 
ordinary skill in the art with the benefit of this disclosure will know the appropriate amount 
of the admixture(s) to include in the settable composition for a particular application. 

[0028] Among other things, the methods of the present invention may provide for 
the accurate measurement of the amount of the admixture(s) added to cement compositions 
as well as avoiding time-consuming labor, energy costs, and processing complexity that may 
be associated with conventional methods for the delivery of admixtures into cement 
compositions. An accurate measurement of the amount of admixture(s) in the cement 
composition may be obtained whether the admixture(s) is added to a settable composition, 
coated onto the substantially hydrated cement particulates, or both. For example, the amount 
of the admixture(s) introduced into the cement composition may be obtained by measuring 
the bulk weight of the substantially hydrated cement particulates and the relative amount of 
admixtures. 

[0029] In certain embodiments of the present invention, the substantially hydrated 
cement particulates may be added to cement compositions as density- varying additives (e.g., 
lightweight additives or heavyweight additives) to affect the density of the cement 
compositions. By varying the density of the settable compositions used to form the 
substantially hydrated cement particles, the density of the resultant substantially hydrated 
cement particles may be varied. The settable compositions, as previously discussed, may 
have a density in the range of from about 4 lb/gallon to about 20 lb/gallon. In some 
embodiments of the present invention, the substantially hydrated cement particulates may be 
added to cement compositions as lightweight additives. Lightweight additives generally may 
be added to cement compositions to reduce the density thereof. When desired to use the 
substantially hydrated cement particulates as lightweight additives in cement compositions, 
settable compositions with relatively low densities as compared to the cement compositions 
may be used to form the substantially hydrated cement particles. In another embodiment of 
the present invention, the substantially hydrated cement particulates may be added to cement 
compositions as heavyweight additives. Heavyweight additives generally may be added to 
cement compositions to increase the density thereof. When desired to use the substantially 
hydrated cement particulates as heavyweight additives, settable compositions with relatively 
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high densities as compared to the cement compositions may be used to form the substantially 
hydrated cement particles. Where used to affect the density of cement compositions, the 
substantially hydrated cement particulates should be included in the cement compositions in 
an amount sufficient to provide the desired density modification. 

[0030] In certain embodiments, the substantially hydrated cement particulates 
may be added to cement compositions as lost circulation materials. In one embodiment, 
where added to the cement composition as a lost circulation material, the substantially 
hydrated cement particulates are present in the cement composition in an amount in the range 
of from about 1% to about 50% by weight of the hydraulic cement. In another embodiment, 
where added to the cement composition as a lost circulation material, the substantially 
hydrated cement particulates are present in the cement composition in an amount in the range 
of from about 5% to about 10% by weight of the hydraulic cement. 

[0031] Furthermore, additional additives may be added to the cement 
compositions of the present invention as deemed appropriate by one skilled in the art. 
Examples of such additives include, but are not limited to, fly ash, silica compounds, fluid 
loss control additives, lost circulation materials, surfactants, dispersants, accelerators, 
retarders, lightweight additives (e.g., microspheres), salts, mica, fibers, formation 
conditioning agents, fumed silica, bentonite, expanding additives, heavyweight additives, 
defoamers, and the like. 

[0032] While the exemplary embodiments of the present invention depicted 
above describe the use of substantially hydrated cement particulates in cement compositions, 
it should be understood that the substantially hydrated cement particulates of the present 
invention may be included in a variety of subterranean treatment fluids to improve one or 
more properties thereof For example, the substantially hydrated cement particulates may be 
included in subterranean treatment fluids, inter alia, as carrier particles for admixtures, lost 
circulation materials, density-varying additives, or proppants. Where used as a proppant, the 
substantially hydrated cement particulate should consist essentially of hydrated cement. 
Examples of particular subterranean treatment fluids where the substantially hydrated cement 
particles may be used include, but are not limited to, drilling fluids, completion fluids, and 
workover fluids. One of ordinary skill in the art with the benefit of this application will 
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know the appropriate amount and particle size of substantially hydrated cement particulates 
to include in a subterranean treatment fluid for a desired application. 

[0033] In some embodiments, the present invention provides a method of using a 
subterranean treatment fluid in a subterranean formation comprising: providing a 
subterranean treatment fluid comprising substantially hydrated cement particulates; and 
placing the subterranean treatment fluid into a subterranean formation. 

[0034] In another embodiment, the present invention provides a method of 
cementing in a subterranean formation comprising: providing a cement composition 
comprising water, a hydraulic cement, and substantially hydrated cement particulates; 
placing the cement composition into a subterranean formation; and allowing the cement 

composition to set therein. 

[0035] In another embodiment, the present invention provides a method of 
reducing fluid loss from a cement composition comprising adding substantially hydrated 
cement particulates to the cement composition. 

[0036] In another embodiment, the present invention provides a method of 
affecting the density of a cement composition comprising adding substantially hydrated 
cement particulates to the cement composition. 

[0037] In another embodiment, the present invention provides a subterranean 
treatment fluid comprising substantially hydrated cement particulates. 

[0038] In another embodiment, the present invention provides a lost circulation 
composition comprising substantially hydrated cement particulates. 

[0039] In yet another embodiment, the present invention provides a density- 
varying additive comprising substantially hydrated cement particulates. 

[0040] Therefore, the present invention is well adapted to carry out the objects 
and attain the ends and advantages mentioned as well as those which are inherent therein. 
While numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit of this invention as defined by the appended claims. 
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